INTRODUCTION {#sec1-1}
============

In recent years, with the aim of restoring and preserving the morphology of alveolar bone, new materials, and techniques for bone grafting have been developed.\[[@ref1][@ref2][@ref3]\] The biological rationale for the use of bone grafting is based on three healing mechanisms: Osteogenesis, osteoinduction, and osteoconduction. Osteogenesis is the process of direct bone formation since osteoprogenitor cells and osteoblasts are present. Osteoinduction is defined as a recruitment process for mesenchymal cells and their differentiation into osteoblastic cells, resulting in bone formation. Osteoconduction is the process of forming a scaffold for new bone growth.\[[@ref4][@ref5][@ref6]\]

Bone grafts are classified according to their origin such as autologous, allogeneic (of the same species), alloplastic (synthetic), and xenogenous (individuals of different species). Despite the fact that autogenous grafts are considered the gold standard for bone reconstruction, they require an extra surgical approach for their collection, and thus can increase morbidity, in addition to the fact that they offer a limited amount of bone. Their main advantage is the promotion of osteogenesis, osteoinduction, and osteoconduction.\[[@ref7][@ref8][@ref9]\]

The three types of allograft biomaterials most commonly referenced are frozen bone; dry and frozen bone; and demineralized dry, frozen bone. Their main disadvantages are their potential for antigenicity and for transmitting diseases, as reported in the literature.\[[@ref10]\] Among the alloplastic biomaterials, hydroxyapatite, calcium phosphates, calcium sulfates, and bioactive glass can be included,\[[@ref11]\] and their main property is osteoconduction.\[[@ref12]\]

Xenogenic materials have the advantage of unlimited supply source and osteoconductive potential, in addition to being biocompatible and not able to promote excessive inflammatory reaction.\[[@ref13]\] They are still considered safe for immune response induction and against the transmission of diseases, as long as laboratory processing is adequate.\[[@ref14]\] Thus, xenogeneic bovine bone grafting has been researched to investigate its physical and biological properties.

Given the need for bone tissue repair and the numerous biomaterials currently available, this study aimed to evaluate, through radiographic and histological analysis, the tissue reaction induced by a biomaterial based on deproteinized bovine bone matrix (DBBM) in the muscle of sheep.

MATERIALS AND METHODS {#sec1-2}
=====================

This study was submitted to the Research Ethics Committee on Animal Use at the Positivo University (Protocol 21/2011) in accordance with the provisions of the Arouca Law (11794/2008) and ethical principles of the Brazilian Society of Laboratory Animal Science.

Study design {#sec2-1}
------------

Sixteen sheep approximately 2 years old, with an average weight of 45 kg, were used. Each sheep received three polyethylene tubes, according to the study groups, in the muscle of the lower back: Group 1 - sham group (negative control, tube without biomaterial), Group 2 - particulate autogenous bone (positive control), and Group 3 - DBBM granules (GenOx Inorg, Baumer, Mogi-Mirim, SP, Brazil). The sheep were euthanized 3 and 6 months after surgery (8 sheep per follow-up time). The animals were randomly divided into the follow-up times by means of a randomization form (Randomizer version 4.0, [www.randomizer.org/form.htm](www.randomizer.org/form.htm)).

Surgical procedures {#sec2-2}
-------------------

Before the surgery, the animals were on solid fasting for 24 h and absolute fasting for 8 h. The animals received the preanesthetic medication acepromazine (0.55 mg/kg) (Acepran 1%, Vetnil, Louveira, SP, Brazil) and ketamine (20 mg/kg) (injectable Dopalen, Vetbrands, Paulinia, SP, Brazil) intramuscularly. For the anesthetic induction and maintenance, sodium thiopental (5 mg/kg) was used intravenously (Thiopentax, Cristália, São Paulo, SP, Brazil), as well as isoflurane vaporization with a flow of 3 L/min of oxygen (Isoflurano, BioChimico, Itatiaia, RJ, Brazil). During the surgical procedure, the animals received ketoprofen 10% (3 mg/kg) (10% Biofen, Biofarm Química e Farmacêutica Ltda., Jaboticabal, SP, Brazil) and enrofloxacin 10% (2.5 mg/kg) (injectable Chemitril 10%, Chemitec Agro Veterinary Ltda., São Paulo, SP, Brazil) intramuscularly.

The boundary of the surgical area included the promontory of the sacrum bone as an anatomical reference. The surgical area was located 3 cm cranially to the sacral promontory and was expanded 20 cm cranially and 6 cm bilaterally to the median plane (spine). After shaving and disinfecting the surgical site, three incisions on the right and left sides of the spine were made, measuring 2--3 cm, and 4 cm apart from each other \[[Figure 1](#F1){ref-type="fig"}\]. Incisions were made on the muscular fascia (parallel to the spine) to allow the division of the muscle fibers in the lumbar region (longissimus dorsi) and provide intramuscular space.

![Boundaries and markings before the incisions were made](AMS-6-9-g001){#F1}

A single operator performed the insertion of biomaterial in sterile polyethylene tubes, with dimensions of approximately 5 mm in diameter and 10 mm in length \[[Figure 2](#F2){ref-type="fig"}\]. The autogenous bone inserted in the tubes was removed from the jaw of the same animal and crushed with a pestle bone grinder (Kopp Dental Implants, Curitiba, PR, Brazil). A simple suture of the longissimus dorsi and fascia muscles was performed with 5-0 Vicryl absorbable suture (Ethicon, São Paulo, SP, Brazil) \[[Figure 3](#F3){ref-type="fig"}\], followed by a continuous skin suture with 5-0 nylon thread (Shalon Surgical Threads Ltda., São Luiz de Montes Belos, GO, Brazil).

![Polyethylene tube filled with GenOx Inorg.](AMS-6-9-g002){#F2}

![Suture made on the longissimus dorsi muscle](AMS-6-9-g003){#F3}

After surgery, ketoprofen 10% (3 mg/kg) was administered intramuscularly once a day for 3 days (10% Biofen, Biofarm Química e Farmacêutica Ltda., Jaboticabal, SP, Brazil) and enrofloxacin 10% (2.5 mg/kg) once a day for 5 days (injectable Chemitril 10%, Chemitec Agro Veterinária Ltda., São Paulo, SP, Brazil) intramuscularly.

According to the randomization of the animals, they were euthanized after 3 or 6 months with sodium thiopental (8 mg/kg) through a rapid intravenous injection (Thiopentax, Cristália, São Paulo, SP, Brazil). After euthanasia, tissue samples containing the tubes were collected and immediately immersed in 10% formalin fixative solution. After 48 h, the contents of the tubes were removed, kept in the fixative solution and X-rayed.

Processing and histological analysis {#sec2-3}
------------------------------------

Histological processing began after fixing the samples with 10% formalin. Then, washing was conducted with running water for formalin removal. For histological analysis by light microscopy, decalcification of the samples was done in trichloroacetic acid for 40 days followed by blocking in paraffin. Serial sections were obtained with a microtome, and the slides were stained with hematoxylin and eosin. The slides were descriptively analyzed, assessing the tissue reaction and possible ectopic bone formation.

RESULTS {#sec1-3}
=======

According to the group and follow-up time, the results of radiographic and histological evaluation are described below.

Group 1 (sham group, negative control, tube without biomaterial) {#sec2-4}
----------------------------------------------------------------

For both 3 and 6 months, macroscopic and radiographic analyses were similar. For the 3-month subgroup, radiographic analysis showed low radiopacity, suggestive of nonmineralized tissue. Macroscopic tissue analysis revealed a very thin line of fibrous tissue. Microscopic analysis indicated the presence of a dense connective tissue permeated by blood vessels, patterned with parallel, uniform fibers. There was no presence of inflammatory process. For the 6-month subgroup, radiographic analysis indicated that low radiopacity was maintained, being similar to the 3-month subgroup. Macroscopic tissue analysis showed a slightly denser tissue. However, in microscopic analysis, a higher concentration of dense, thin collagen fibers was noted, characterizing fibrosis, possibly due to the tissue reaction from placing the polyethylene tube in the ectopic site \[[Figure 4](#F4){ref-type="fig"}\].

![Group 1 (sham). (a and b) Macroscopic and radiographic aspects (3 months). (c and d) H and E, ×40 and ×200 (3 months). (e and f) Macroscopic and radiographic aspects (6 months). (g and h) H and E, ×40 and ×200 (6 months). cf = Connective fibers; nv = Neovascularization](AMS-6-9-g004){#F4}

Group 2 (autogenous bone) {#sec2-5}
-------------------------

Radiographic and macroscopic results were very similar to Group 1. However, macroscopic tissue evaluation of 3- and 6-month subgroups showed a band of dense fibrous tissue slightly thicker than that of Group 1, but the volume of the biomaterial was not maintained. For the 3-month subgroup, microscopic analysis revealed the presence of dense connective tissue that was fibrous and moderately vascularized, where a chronic inflammatory process was permeated with a prevalence of mononuclear macrophagic and lymphoplasmacytic cells. For the 6-month subgroup, there was a significant decrease in the inflammatory process as well as an exuberant deposition of dense, thin collagen fibers, suggesting a fibrotic response. The presence of osteoid formation or even the deposition of well-formed bone matrix was not observed for both follow-up times. The low radiopacity did not indicate the presence of calcified tissue \[[Figure 5](#F5){ref-type="fig"}\].

![Group 2 (autogenous bone). (a and b) Macroscopic and radiographic aspects (3 months). (c and d) H and E, ×40 and ×200 (3 months). (e and f) Macroscopic and radiographic aspects (6 months). (g and h) H and E, ×40 and ×200 (6 months). cf = Connective fibers; nv = Neovascularization; ipc = Inflammatory process cells](AMS-6-9-g005){#F5}

Group 3 (deproteinized bovinebone matrix) {#sec2-6}
-----------------------------------------

Macroscopic tissue evaluation showed similar characteristics for both follow-up periods. There was a thick tissue in the center of the tube, and maintenance of volume due to the presence of the mineralized particles of xenogenic material. Radiographically, the 6-month subgroup presented a more radiopaque core area compared to the other groups. In the microscopic analysis of the 3-month subgroup, xenogenic material particles were noted, surrounded by dense connective tissue that was highly cellular and with the presence of a granulomatous inflammatory infiltrate consisting of lymphocytes, plasma cells, and macrophages. However, in the 6-month subgroup, a dense connective tissue was found, in which there were fragments of the xenogenic biomaterial particles. In peripheral regions of these particles, the deposition of basophilic material was seen, indicating the formation of mineral particles and tissues with osteoid characteristics \[[Figure 6](#F6){ref-type="fig"}\].

![Group 3 (deproteinized bovine bone matrix). (a and b) Macroscopic and radiographic aspects (3 months). (c and d) H and E, ×40 and ×200 (3 months). (e and f) Macroscopic and radiographic aspects (6 months). (g and h) H and E, ×40 and ×200 (6 months). p = deproteinized bovine bone matrix particle; \* = Tissue formation with characteristics similar to osteoids; cm = connective matrix](AMS-6-9-g006){#F6}

DISCUSSION {#sec1-4}
==========

The ideal material for bone grafting has not yet been developed because it has not been possible to aggregate all the important characteristics into a single biomaterial. It is known that in many situations of bone defects, grafting is not done, hoping that the clot itself induces bone formation in noncritical bone sites. In the negative control group (Group 1), after 3 and 6 months, the presence of dense connective tissue with parallel, uniform fibers was observed. This can be attributed to the fact that there was a reaction caused by the presence of the empty polyethylene tube in the tissue, which demonstrates the biocompatibility of the tube since a chronic inflammatory process was not observed.

The autogenous bone, currently considered the gold standard because of its healing properties (osteogenesis, osteoconduction, and osteoinduction), was used in Group 2 as a positive control.\[[@ref8][@ref9]\] However, in this study, ectopic bone formation was not observed. Thus, in the present work, autogenous bone cannot be considered as an osteoinducer, as the result of its application was similar to the negative control/sham group (Group 1). Although unlike the control group, in Group 2, after 3 months, a chronic inflammatory process was observed, with the prevalence of mononuclear (macrophage) and lymphoplasmacytic cells. In Group 2, after 6 months, there was a chronic inflammatory process, but to a lesser extent due to the healing time. The fact that a chronic inflammatory process was seen at both follow-up times can be explained by the presence of autogenous bone inside the tube. The presence of osteoids or even the deposition of a well-formed bone matrix was also not observed, as the volume inside the tube was not maintained, which diverges from the data reported in the literature.\[[@ref15]\] One possible explanation for this may be the fact that the autogenous bone was out of the bone site, in an ectopic environment. The size of autogenous bone particles inserted in the tube may also have contributed since the autogenous bone went through a grinding process which may have been unfavorable for obtaining the correct particle size for osteoconduction to be achieved.\[[@ref16]\] In addition, Miron *et al*.,\[[@ref17]\] demonstrated that the differentiation and mineralization of primary osteoblasts seeded on autogenous grafts are largely influenced by the methods used in harvesting the bone grafts. Other important factors that may have contributed to this result may be the absence or low amount of living cells, which did not collaborate for osteogenesis, or even the absence or loss of morphogenetic bone proteins during maceration.\[[@ref18][@ref19]\]

The use of xenogeneic bone, such as GenOx Inorg, has also been studied. This material is characterized by being based on DBBM obtained through deproteinization at high temperatures (between 950°C and 1000°C). After repeated stringent washes to eliminate blood and fat cells as well as other impurities, it is decalcified and dehydrated through lyophilization process, preventing denaturation of proteins while retaining the active ingredient in the particles. The high processing temperature increases the crystallinity, as well as implicating hydroxyapatite decomposition in other phases, such as with tricalcium phosphate (TCP). A biomaterial that is more crystalline will be less degradable, but the presence of other phases (generally more soluble than hydroxyapatite) can offset or reduce this effect.\[[@ref20]\]

The literature reports that these are highly osteoconductive grafts, providing a favorable surface due to their structure and chemical composition, on which new bone can be deposited, thus acting as a framework that facilitates new bone formation.\[[@ref21]\] Among the disadvantages of using bovine materials, the risk of disease transmission can be cited. Wenz *et al*.\[[@ref14]\] report that the processing of these materials does not imply a risk of bovine spongiform encephalopathy transmission to graft recipients. Many studies are being conducted with deproteinized bovine materials,\[[@ref22][@ref23][@ref24][@ref25][@ref26]\] but little is known about the use of this material in ectopic sites, as in the experimental model used in the present study. The use of biomaterials in ectopic sites is recent. Spalthoff *et al*.,\[[@ref27]\] in an ectopic site model, noted that the amount of bone formation and degeneration of the ceramic matrix is totally dependent on the vascularization of the area, supporting the hypothesis that resorption is mediated by cells.

The Group 3 group, in which DBBM was used, was the only one that showed tissue volume maintenance within the tube. This is justified by the presence of mineral particles, as the inorganic bovine bone is free of proteins and cells and is characterized by high hydroxyapatite content.\[[@ref20]\] It was observed in Group 3, after 3 months, the presence of a highly cellular, dense connective tissue around the particles, a fact that suggests the possible formation of a cementitious line around the particles. In Group 3, after 6 months, on the peripheral regions of the particles, deposition of a basophilic material was noted, indicating the formation of a small portion of minerals and tissue formation with characteristics similar to an osteoid, a fact that corroborates the literature.\[[@ref15]\] However, with the data obtained so far, it was not possible to conclude that GenOx Inorg presented characteristics of an osteoinductive material in an ectopic site. It is noteworthy that in recent studies associating β-TCP with iliac autogenous bone; ectopic bone formation was satisfactory.\[[@ref27]\]

Finally, it should be pointed out that this study has limitations, among which are the limited number of samples, the use of a single xenogeneic biomaterial in an ectopic site and only two follow-up times. Therefore, more studies are needed to evaluate the biological properties, tissue response, and possible induction of ectopic bone formation associated with the use of the DBBM evaluated.

CONCLUSION {#sec1-5}
==========

It is possible to infer that the biomaterial based on DBBM led, in this study, to the formation of tissue with characteristics that are similar to an osteoid when placed in contact with the muscle tissue in sheep in a postoperative period of up to 6 months.
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